


















































































































































































































































































































































































































OOMPO'STTIVN OF GEORGIA CLINTON ORES r8r 

This rather marked difference in the percentage of manganese in the 
soft and the bard ores is probably due to manganese being introduced 
into the soft e>res during the process of weathering. In which case, 
the marrgamese in the hard ores would probably represent more 
near1y the 'original manganese contents of the ores. Should the rel
ative prCDportion of iron and manganese be compared in the two dif
ferent ores., 1t will seem that the percentage of manganese to the iron 
in the hard -and th.e soft ores is not so great as shown by the above 
figures; however, even then there is quite a discrepancy which could 
hardly be a:cooun.ted for except by the introduction of manganese 
from some extraneous source. 

C alciuvJ1'v C q,rbonate.-The great variation in calcium carbonate 
is main1y due to the leaching action of meteoric waters. There is, 
however, in the unleached ores, quite a variation in the calcium 
·carbonate, which seems inherent in the ores themselves. This va-
1·iation is to be seen not only in the different beds, but also in the 
same bed from place to place. The soft or leached ores, which never 
'extend to more than a few feet beneath the surface, may vary from 
a mer,e trace of calcium carbonate to 10 ·per cent., depending upon the 
[eaching action of the meteoric waters, while the hard ores in many 
. instances, as seen in the above table of analyses, run nearly 30 per 
cent. cailcimn carbonate. From the great abundance of fossils in the 
llilard ore, it would appear that all, or a greater part, of the calcium 
carbonate is an original constituent of the beds, although much of it 
r1as probably been crystallized over and over again. 

The following table shows the theoretical combination of the 
·calcium in the several analyses above given: 

No. CaC03 Ca3(P04)2 MgC03 CaO as Silicates . 

I 37-50 . 86 .... . ... 
2 37·73 . 83 .... 6.68 
3 44·09 ·48 .... . ... 
4 ..... I. 35 . ... .29 
5 27.29 I.69 • 0 •• ·55 
6 35·09 .... ·31 . ... 
7 25.02 2.25 ..... . ... 
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No', c·ac6s Cag:(P0J)2· MgC03' 
'' CaO as Silicates. 

.. ~ .. ,_, 

8 33·84 .. . . I. I6 .. . •· 
9 '39·87 .-86 . . .· . 

IO 20.54 . II .. . . . . . .. 
I I' . . . . 3·6o . ·39 I2 34· IO I. 57 . . 4·85 
I3 . . . !.42 2.23 . 
I4 !.64 ' . . . . . . . . 
is 6.s8 f; 

!.43 . . . .. . . 
16 34· 55 !.76 .. : .. 2. ss: 
I7 . . 2<)! . . . . . . . . . 
r8 . 3·73 . . . . ·3I 
I9 27'. 14 2.35 - ·75 . . . . 
20 19.14 2·79 . . . 2.66 
2-f . . .. .. •· ·54 . . . .. . . . 
22 . ,- . ·48 . . . . .-04 
23' 25.7! . 2.07 . 

47·48 ' 24 1.33 .. . . . < 4· 13 -:-

2.6b 25 . . . . . . . . . . . . 
26 . sr .. .oz . . ,; .. . . 
27 : . .. I.56 . . . . . . . 
28 • .. . . 1.-13 ,• 

; !.65 . . . 
'29'·'' '';• . . . . .. .roB . .. . . . . . 
30 3·44 6.62 I 

·42' ;, ;,• ; •r 

JI .. . ·48 . . . . . 
32 . . . . 2.05 . . . . . . . 
33 . . . ·37 . . . . . 
34 . . . . . . . 
35 . . . 2.01 . ; .. . . 
3_6 . . .. . . !.47 . . . . .. 
31 . . . 2. II •' . . .07 - -jS' 17.52 . . . ·55 . . 
39 . . . . .07 . . . . . . 
40 . . .27 . . . . . . . 
41 ·44 . . . . ·- . . 
42 . . . ... ·39 . . . . . . . 
43 . . .14 . . . 
44 16.82 !.45 . . . . . . 
45 . .. .07 .. . . . . 
46 45'·48 .. so 1.-6o 
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When there is insufficient calciu:tl_l to combine with all of the C02 

found the excess of the latter is calculated to J\d:gC03 . 

M agnes~·a:.-The small amount of magnesia present, shows that 
t.he ore contains but little or no magnesium carbonate. The general 
average of magnesium is only a fraction of one per cent. or less 
than is often found in our common limestones and marbles. The 
1nagnesium, together with the sodium and potassium present, no 
doubt comes, in part, from silicates contained in the shale and clays 
associated with the ores. Titanium, which is also present in some 
of the ores, is probably also derived chiefly from the shales. 

Carbon Dio:ride.-The variation in carbon dioxide bears a very 
cJose .relation to the calcium carbonate, showing that the chief car
bonate present is calcium. It will further be noted by examination 
cf table No. 2, that there are also six instances in which the car
bonic acid is in excess of the amount required to combine as the 
calcium carbonate, in which cases the carbonic acid has been cal
culated as magnesium carbonate. 

Sulphur.-The sulphur of the Clinton ores is probably chiefly in 
the form of pyrites, as in s.ome of the ores this impurity can often 
be seen as small irregular patches. The occurrence of the pyrites, 
more frequently in the soft ores, would seem to suggest that it is 
of secondary origin, having been deposited during the weathering 
of the hard ore. 

Phosphorus.-The phosphorus is quite varia:ble; however, in 
all cases it is far above the Bessemer limit. There seems to be no 
definite relation between the amount of the phosphorus present 
and the class of ore, the general average in the soft ores being about 
the same as in the hard ores. The ores in different localities, on 
tbe other hand, differ in the amount of phosphorus present. This 
is well illustrated in the ores of Dirtseller Mountain and Taylor's 
Ridge, which usually carry a higher percent?-ge of phosphorus 
than the ores of Pigeon and Lookout mountains. 

Silica.-The great variation of silica is due chiefly to the varia
t~on of sand, which occurs in all of the ores as an original con-
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stituent. The silica contents, it will be noted,. vaxy generally in
versely as the calciun1. Ther~ are, however, a f~~ e~ceptio~1S to 
this general ru1e, as will be seen fn sample No. 46, in which both 
the ca:lcium and s:ilica are high. The soft ore being derived from 
fhe hard ore by the removal of the soluble constituent, which is 
rriaitdy ca1Ciurt1, it necessarily follows that the soft ores nearly al
ways carry a high pen;entage of silica. Iri other words, usually 
the higner the ore run;s in ri1eta:Ilic iron, the higher it also runs in 
silica. 



CHAPTER XVI 

THE MOST PROBABLE ORIGIN OF THE CLINTON ORES 

Having given in the preceding chapters, in some detail, what ap
pear to have been the geological conditions under which the Clinton 
ores were deposited_, together with macroscopic and microscopic 
description of the ores and the chemical composition of the same, 
we are now better prepared to take up the question of origin. At 
the outset, it might be well to state frankly that the facts so far 
collected are not by any means absolutely conclusive as to the true 
origin of the Clinton ores, nevertheless the fact seems to be strongly 
indicative that these ores are in a large measure only altered beds 
of glauconite or green sand, a hydrous silicate of iron and potas
sium. The geological conditions, the nature and character of the 
associated rocks, the microscopic study and the chemical composi
tion of the ores themselves, all point to widespread beds of glau
conite as the original source of the Clinton ores. 

Glauconite, as shown by the Challenger report on Deep Sea De
posits, is not found in deep water, but chiefly along the edges of 
the continent where clays and silts are now being laid down. The 
deposition and the occuTrence of this rather peculiar deposit, as given 
by Murray and Renard, in the Report of the Voyage of the Chal
lenger, a.re as follows: 

"It appears to be most abundant about the lower limit of waves, 
tides and current, or, in other words, in the neighborhood of what 
we have termed the mud-line surrounding continental shores. In 
tte shallower depths beyond this line, that is to say, in depths of 
about 200 and 300 fathoms, the typical glauconite grains are more 
abundant than in deeper water, but glauconite casts may be met 
-yvith in deposits in depths of 2,000 fathoms." 

The same authors also make the following statement as to the 

(r85) 



r86 THE FOSSIL IRON ORE DEPOSITS OF GEORGIA 

origin of 'the material: "We are therefore inclined to regard glau
conite as having its initial formation in the cavities of calca.reous 
·organisms, although we have admitted above that some grains, 
which may .be regarded as glauconite, appear to be highly altered 
fragments of ancient rocks or coatings of this. mineral on thes~ 
rock fragments. It appears that the shells a.re broken by the swell
ing out' or the growth of the glauconite, and that subsequently the 

. isolated cast becomes the centre upon which new additions of the 
same substance take place, the- grains enlarging and becoming 
rounded in a more or less irregular manner, as 'in the case of con- -
cretionar-y substance like silica for example, which forms molds of 
fossils." 

Ehrenberg, in speaking of the gla,uconitic grains in limestone 
from Alabama, makes the following statement concerning the 
formation of glauconite. "The formation of the green sand' (glau
conite) consists in ·a gradual filling up of the· interior space of the 
minute bodies, with gree1:1 colored, opaJ . .:like mass, which forms 
therein a .. cast · It i:s :a peculiar ~pecies. ot natural inj'ecti~n, and is 
often so p:erfed: that. not only tl~e large lbose ·shells, but also. th~ 
very' finest camils .o~f 't}:Ie, c~lt walls a.rrd. their cop.necting t~tbes are 
tl~us petrified, and are separately exhibited. By no artificial method 
can such fine and pedect:idjections be obtained." . 

Glauconite is said to cover approximately r,ooo,ooo square miles 
of the present sea bottom. It is now being laid down along th.~ 
Atlantk coast between Florida and Cape Hatteras in depths vary
ing from roo to r,ooo fathoms. This zone of deposits corresponds 
to_ what Murr-ay and Renard ·term the mud-:-line, which may be 
said to ,mark the outer margins of the continental ··shelf where the 
mecha.nical detritus and the orga,.nic matter seem to be ~o adjusted 
as to meet the requirenients esseiitial for the deposition of glau-: 
~cmite. Have we not here along ou,r Atlantic·coast.-cortditions very 
simil~1~ to those which obtained along the eastern margin of' th~ 
great Interior Paleozoic Sea, during the time of the deposition o.f· 
the Clinton .ore$? · 

The rivers of the Atlantic sea-board a.re all comparatively small, 
none of them attaining a length of more than a few hundred miles. 



PROBABLE ORIGIN OF THE CifNiO_M ORES r8Jf 

Before pouring their waters into the Atlantic, these rivers with re
duced currents traverse a broad Coastal Plain, where some of the" 
coarser sediment is deposited along the flood plains, hut most of 
the sediment reaches the coast and is chiefly deposited within a~ 
short distance of the shore line, where by the action of the waves it 
gives rise to a rather remarkable chain of low sea' islands. A small· 
portion of this river-born sediment in the form of fine clay or mud~ 
is carried further seaward and fina.lly deposited in deeper water· 
with more or less calcareous material in the form of tests and shells; 
of sea animals, along the western margin of the warm Gulf Streamr· 
where it forms a zone many miles wide in which the depth and the
temperature of the water and the relative proportion of argillaceous.: 
and calcareous sediment seem ,to be especially favorable for the:
deposition of glauconite. 

During the time of the deposition of the Clinton ores, as has beeJ.1il 
shown in the discussion of the geological conditions which pre
vailed at the time of the laying down of the Clinton rocks, the con-
ditions appear to be almost identical with those here describecf 
along the Atlantic coast at present. The sediments which fon11ed; 
the Clinton rocks were derived mainly from the same ancient: 
crystallines and borne to the coast by a system of short rivers,· 
which probably, before reaching the Interior Sea, traversed a low· 
coastal plain not unlike our present Atlantic coastal plain. Corre-· 
sponding to the Gulf Stream which sweeps along the Atlantic~ 

coast with its warm water, was apparently a like current of warm: 
water flowing from the south along the eastern margin of the Great: 
Interior Sea, hugging the western margin of the Appalachian land' 
:1rea as far north as western New York. There probably occurred 
along this old Pa.leozoic shore line a chain of low sea islands like 
those now found along the Atlantic coast and at some distance off 
shore, along the mud line, existed favorable conditions for the depo
sition of glauconite. There appears to be no direct or indirect evi
dence, as some have supposed, that there existed along the western 
margin of the Appalachian continent during the Clinton Epoch 
any land-locked estuaries, lagoons or bogs in which the ores were 
deposited. The main deposits were probably laid down some miles 
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off shore and in sufficiently deep waters to be. only slightly affected 
by the actio:n .of the wa~es. The ripple-marl~~-d and rain-plHed 
sandstone, however, both above and below the beds Qf iron ore, 
distinctly shows that the glauconitic beds, from which the ·ores were 
derived, were at no time more than a short 1 distance below the sur
.face of the water. By reference to the geologicai conditions. else
"'vhb-:,e·,-given, which prevailed prior .and subsequent to the Clinton 
ep·odh, 1i wih be noticed that the cnn:to~ iron or~s. occur in what 
may he said to be a transition stage between the shallow deposits 
of glaticohite and sandstone, on the one· ha~d, and the de~p sea 
deposits of limestone on the other, just af such a position as c;tppears 
to be most fayorable for the deposition.of glaucon'it~. 

The megas.cop.ic appearance ·of the ore in many respects is not 
urilike glauconite. Its occurrence in beds with clay partings, and 
its association w~th an abundance of calcium carbonat~, in the form 
of organic remains, 'together with the frequent occurrence of in
numerabre small rounded bad)es with smooth J?G!l.ished surfaces, ali 
1JG>int to ,glauconite as the p~()bable original form . of the Clinton 
·ores ; but it ·is mily 10y ~i~ros~opi~ study :of thin s~cth)ris· 'that }iie 
.original source ~:f th!i 'ores 'is most .conclrtsively estab.li.shed. 1tlse-

'"Wnere :in the mi~r0s~opk study .o<f tire ·pre~, 'it ~as not~d th~t 'in 
?trear4y•ev~ry ·:Section ex~mmed <.:ther:e :existed ~a greenish or greenish
.Ye11ow nucleus in some of the i1·on particles, V\rhich seems to be a 
remnant of the unalt~red glauconite. Dr. C. H. SmJith, 
Jr., appears to 'have first noted the occurrence of the gree~i~h nu
clei in the Clinton ores .. , Later, th~y were not~d qy t?r. C. K. Leit}:t~ 
who makes the !oHowing comparison of the Clirii:ort and Lake 
:Superiqr ores :~ ' 

. ''In th~ Cl!~1t~n ores hyo ~dnds of granules are numerous : (a) 
N ormaJ concretio:ns of silkft and . .iron oxide or of silica. and some 
;greet1ish substance ~ith a ferrous ir~n base, the further composi
tion of which is unknown, about a nucleu~ of quartz ... Th~se ~re 

' ' 1., ' '"' • . 

analogqus to the few tru~ concretions 1 observed in fh~ Mesabi dis-
trict and to the concretions of the Penokee-Gogebic district. (b) 

x Monograph U ... S. G. S., Vol. XLIII, pp. 25!-252. 
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A.ccretions 1of iron oxide about calcium carbonate shells and partial 
or complete replacements of the shells, in either case without or 
Eearly without radial or concentric structures. The size is some
what greater than that of the J\1esabi granules. 
The shapes are almost identical with those of the normal green
alite granules of the Mesabi." 

"The similarity in shape is as close as between greenalite and 
glauconite. The crescent shapes, the gourd shapes, the much elon
gated ovals, and rods, which are seen associated with the round and 
oval .forms in the Mesabi rocks, are also to be seen in the Clinton 
ores. . . . In both the Clinton ores and the Mesabi rocks a not un-

" common feature is the accretion of a considerable number of granules 
ir;to somewhat irregular pebble-like aggregates, which have been 
waterworn as a whole, and deposited parallel with the bed
ding. . . . . The Clinton ores, in, their present form, may not be 
concretions or replacements subsequent to their deposition, for they 
have uniform composition in thin beds. over great areas, which could 
not be the case were they subsequently concentrated through under
ground water or other agencies. They may well be compared with 
the fresh greenalite granules of the Mesabi, .which also have under-

- gone no concentration, rather than with the altered granules. If 
during the deposition of the Clinton ores the numerous minute 
shells had been surrounded and replaced by iron silicate instead of 
iron oxide, greenalite granules identical with those of the l\1esabi 
district may have resulted." Leith here seems to .have noted some 
cf the most characteristic features of the Clinton ores, but, judging 
from the latter part of the above quotation, the idea that the ores 
were really altered beds of iron silicate or glauconite did not seem 
to possess his mind. He states that if during the deposition of the 
Clinton ores, the numerous minute she11s had been surrounded and 
replaced by silicate of iron instead of iron oxide, greenalite gran
ules identical with those of the Mesabi district would have re.:;ulted. 
The supposed conditions which he here assumes, apparently did 
actually take place, that is, the iron in the form of a ferrous silicate, 

r Greenalite is a hydrous silicate of iron from which it is supposed the Lake 
Superior iron ores were derived. The mineral differs mainly from glauconite in 
the absence of potassium. 
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~surrounded and J.:ep~fl.-<;.~9. ,in ,a .~ar;g.e measuFe the numerous calca
reous organic fragn+ep.ts, fon1?-i~1g glauconite, from which, by a, 

process of chang~ "_tp Qe llere~ft~r described, the iron ores yvere 
~subsequently derived. )~:!;is statem.en.t that the ores in their presert 
_form were not c~::mcr~tio~,s oJ ,n;plac__ements subsequent to their depo
~·sition, on account of the uniformity of the ores over large a.reas, is 
in harmony with t~e th_eo~y. of the glauconite origin. Furt4ermore 

-this theory of or.igip fuHy e~plaius the appearance of fragments of 
~the ore occti.n;jng in the over;lyi:pg -rocks which constituted one of 
the main argm'llents. -advapced ~y Dr.' Smyth in support of the 

·,theory that the origipal q~po~it of inon oxide was la.id down simul
. taneously with the-associated shwl~s and. sandstones.- These dis
ylaced fragments weJ.:e originally glauconitic, just like the b~ds 
from which they ~ere t!eriyed, and they were afterwards altered 
~into iron ores in the same manner as the glauconitic beds them
~ selves. 

The microscopic structure of gla:ttconite, as described by Ehren
··berg, is quite _ ~~mila.r to tqe . rpicr:osaopic structure of the Clinton 
,Dres, as may be ,seen by an e4._aminafion of thin sections. In the 
ores, as B:hrypbetg n0tes, in th,e ,gla.~conite~ every a;ailapJ~ p1b.re 

'spac'ed'f sheii .fi-~gm~lits,Jw:we~er smaii, is' in]ectecl by i-r~~ -~~ide_. 
("Occasion~lly tb,e ·Ji~}111g -of the ~p:oue ~paces consist of th'e original 
·1.tnaltered glatJ.CQpitic l'liaterkC)]., a,.nd -again this greenish .material 
may be seen to be UIJ..dergoing change to iron oxide along ·its mar

_gin. In some ~e<;.tions the varipus stages of alteration from fresh 
>glauconite to · irop . _oxiQ.e may be disfinctly traced. The .spongy 
porous mass of si!ica which ren1ains after the treatment of the 
~particles of iron oxides with hydroch1oric acid, apparently repre
.. -sent the original, ,_,or a. part pf t4e G·tigim.al, silica of the gl~uconite, 
which becomes dissociated during the process of alteration. 

The presence or absence of · g:~<wconJ.t.e in the Clinton ores de
:J!ends chie~y, .as heretofore $i_ate4,--t;r.pon the amount of weathering 
to which the ores· P,ave b~e)l_ sp,qj-e~q, therefore, other things being 

, equal, the ·further: tl~e ore occurs fr.om the outcrop the greater is the 
~percentage of glauconite. This is well i11ustrated by samples gf 
;the ore fr9:m·: tl~e _f?i:rmi-nghal-J-1· c;lisprjg, ·w'her.e the ore at the outcrop 
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,shows but little glauconite, but a diamond drill core taken a half
mile from the outcrop, and at a depth of about 8oo feet from the 
:.Surface, reveals a large amount of glauconite. Should this rate in 
the increase of glauconite continue, within a few miles at most 
from the outcrop, the beds of iron ores will pass into the unaltered 
beds of glauconite. 

The chemical composition of the Clinton ores also bears out the 
·same facts as revealed by the microscope. It was noted in the re-
11!arks on the chemical composition of the ores that the general 
.c.verage of the ferrous iron_, the condition in which the iron occurs 
in the glauconite, of the hard ores, is found' to be over 4 per cent . 

. ,of the total iron contents, the maximum being r6 per cent. and the 
minimum I~ per cent. On the other hand, the ferrous iron in the 
soft ores averages 3/Ioper cent., which is approximately about I/I4 

:as much ferrous iron as that carried by the hard ores. It has been sug
gested that the ferrous iron which appears to be so abundant in the 
hard ore, as shown in the chemical analyses, possibly exists as a car

-bonate in the place of a silicate, as above assumed. This suggestion 
.seems quite plausible on first view, however, an examination of the 
analyses shows that there is likely no iron ca.rbonate present, owing 
-to the insufficiency of C02 to combine with calcium, magnesia and 
-iron. With only six exceptions, there is only enough C02 to com-
-bine with the calcium present. The presence of more or less potas-
sium in the ore would seem also to indicate the presence of glau

.,-conite. 
As to the original source of the iron prior to its deposition as 

_glauconite, it was no doubt derived from the weathering of the 
.. crystalline rocks, which formed the old Appalachian land surface. 
·Then, as no.w, in the usua'l process ,of rock weathering, the iron 
:present seems to have b~en taken largely in solution by meteoric 
waters in the form of a carbonate, in which condition it was borne 

·to the ocean, where, -upon the 1oss of carbon dioxide, the ferrous 
oxide thus liberated, at once ·took up oxygen and was precipitated 

.;as a hydrated peroxide. This stable form of the oxide after reach
ing the sea bottom, in the presence of fine muds containing car

·;tonaceo_vs rpa_terial _und_er~oi1~& .d.ecomposition, becatn.e reduced to 
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a ferro.us ~qndi#pn, in whish- form it .Cl:]pears to have combined 
~vith the colloidal silica .present, to form .. ghmconite. The original 
iron constituent 'of the mud'~ themselves,· w~s probably also drawn 
upon in this process of chemical change . 

. It seems to be' quite likely, as noted by Hueppe, that iron forming 
algae or bacteria of the muds on the sea floor shared in bringing 
about the reduction cif the hydrated peroxide, and indirectly in the 
formation, of glauconite. Having thus fol~owed thr= several changes 
fh1~cnig'h which the iron aJ_Jpears to have undergone from its origi
nal source in the crys~ctiline rocks to glauconite, it now remains to 
explain the changes which it has otherwise p.ndergone in assuming · 
its present form. In other words, we must now assume certain 

' i 

other changes before the cycle is complete, and the ore is in the 
form of a stable oxide and so concentrated as to be of commercial 
importance. . 

Subsequent to the depo?ition of ore as a glauconite, it was buried 
beneath limestone, shales \ind sandstones, ·having an aggregate 
thickness of several thousand feet. Later the entire sea bottom ' . . 

. alqng the western margin of the old J\ppalachian land a.rea emerged, 
a11d .at the same time·the rpcks were ,pressed intohU:ge. ~nti~linaland 
synclinal folds, aa1.d profound faults wer~ produ~ed. Th~ ~e~~rly 
made. 1~110 . wP.S no;w .. ?.ttC~;P~ep. w;ith. vigor by atl;l1:0$pheric ~nd a.que
ou~ agencies, and after a long .interval ~f time the surface assumed 
its present form. During the cycle of changes, as here outlined, 
glauconite like the various other deposits, associated therewith, 

· underwent· greater or less chemical changes.· The calcite, originally 
chiefly in the form of shells, crystallized apparently over and over 
again, and was often wholly or partly replaced .by silica or ferrous 
oxide. In this process of chai1ge new minerals w'ere probably 
formed and others were segregated. Meteoric waters ca1~tying 
carbonic acid an.sJ. free oxygen, which reached the deeply buried beds 
along ;fissures and fault plains were no doubt. the main agents pro
clueing the chemical change. Such waters coming in contact with 
silicates . of iron, such as glauconite, would readily take the iron 
into solution. The iron being thus brot~ght into solution as a car
bonate, was, as has been pointed out by Leith, either immediately 
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oxidized and hydrated and precipitated as terric hydrate, through 
the agency of oxygen carried by the solution, which brought about 
tbe carbonation,, or tbe iron carbonate, may have been in part car
ried some distance until it met -vvaters carrying an abundance of 
oxygen, and vvas thus precipitated. Simultaneously with the for
mation of iron carbonate from the glauconite, there was also set 
free silica, which appears to have largely become entangled and 
precipitated with the iron oxide, \vhen it was thrown down in a 
ferric condition. In no other way does it seem possible to explain 
the intimate relation of the iron oxide and the silica in the small 
rounded particles of the ore. 

The glauconite beds which afterwards J:>·ecame beds of iron ore, 
c.ppear to hc.ve been, from the time of their emergence c.bove the 
surface of the ocean, water carriers of greater or less import::mce. 
Their porous condition, due mainly to the presence of innumerable 
fragments of organic remains, their continuity throughout extended 
areas and the nature of both the overlying and the underlying 
rocks, all seem to indicate that these thin glauconitic beds have 
always been some of the most important water carriers of the whole 
series of Clinton rocks. This appears to have been especially true, · 
subsequent to the decapitation of the anticlinal folds. Prior to this 
event, the glauconitic beds by reason of their porous nature, were 
no doubt always completely saturated with water, but as ,there was 
no free outlet to the su.rface, except probably by small tortuous 
fissures, there were but little or no currents in the imprisoned 
waters. The remova.l of the folds, however, by erosion, at once set up 
a free circulation, and thus the glauconitic beds became great 
trunk currents, so to .speak, of underground water circulations. 
These currents would, from time to time, reverse their course as 
erosion in the adjacent valleys progressed. The lowering of the 
line of outcroppings of glauconitic beds in one valley to a lower 
level than the line of outcroppings of the same beds in an adjacent val
ley, would immediately set up a current to the latter, which would 
become at once reversed upon deeper erosion of the former. These 
reversions of currents or what may be called und<Srground stream 
captures, were probably many times repeated as erosion progressed. 
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The ingoing waters, on the one hand, coming as they did )mme
diately from the surface where they were taken up· by the upturned 
edges. of the porous stratum as they ·flowed from. the hillslope, al-
ways carried abundance of oxygen, carbonic and other acids, the 
chief agents of chemical change in minerals and rocks. The _out
going currents in the adjacent valley, on the other hand, were poor 
in oxygen and carbon dioxide, but at the same time were probably 
more or les~ heavily charged with calcium carbonate, silica and 
other minerals, which are-most frequently met with in underground 
waters. In addition to the currents from valley to valley, there 
were probably also local ingoing and outgoing currents from time 
to time along the same line of outcroppings in the same. valley, con
ditioned by the variation of elevation of outcrops at different points; 
and, again, 'it is also possible as erosion deepened the anticlinal 
-valleys faf below the line of ore outcroppirtgs, that ingoing waters 
on the hillslopes, after traversing the ore beds for some distance, 
gained the valley below bry way of some underlying stratum whose 
Olttcr~pping .occurred at a ,lower leveL In the last instance, the 
distance to which the ingoing waters would traverse the ore .beds, 
vvo1lld depend upon ~he depth -of the -valleys, and the distan·ce ·:intei-. 
-~:~riinghefween the ore bed and the underlying water;.:b:eadng strata. 
These ingoin'g meteoric waters, -by whatsoe~rer rmeatis the currents 

~. ·' . '. '.· ·~· .. ' 

were proqu~ed, were the main agents no doubt which changed the 
gla11con.ite .. into -irop -ores; howevet, we should not overlook the fact 
that they were probably also at the same time active agents in aug
IJ,1enting the iron contents of the original glauconite beds from ex
traneous.sour:ces .. It is not at all improbable that part of the iron now 
form-ing the ,ore beds was originally in the form of sitlphides or car
bonates in the asso-ciated sandstones a_.nd shales, but was removed 
therefrom and precipitate~ in glauconitic beds by descending sur
face waters.; Only by some such concentration, as here suggested, 
does 1t seem :possible to account for the nigh percentage of iron in· 
beds which were originally glauconite; · · 
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